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A fast circuit switching system that establishes a circuit 
for each packet-sized data communication. A time-slot 
interchanger included in the system network has a se 
quential access, circulating control memory, the con 
tents of which can be rapidly and frequently changed 
with minimal impairment of time-slot interchanger 
throughput. Such changes are effected by controlling 
the transmission of information concerning established 
connections, from a control memory output register to 
a control memory input register and by controlling the 
transmission of information concerning new connec 
tions, to the control memory input register. 

23 Claims, 24 Drawing Figures 
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TIME-SILOT INTERCHANGER FOR FAST 
CIRCUIT SWITCHING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to the application of M. 
Orsic, Ser. No. 558,630 filed Dec. 6, 1983, entitled, 
"Fast Circuit Switching System'. 

TECHNICAL FIELD 

This invention relates to time division switching net 
works and, more particularly, to time-slot interchangers 
for use in data communication networks capable of 
rapidly effecting many network path changes while 
maintaining high throughput. 

BACKGROUND OF THE INVENTION 

Circuit switching is a method of network switching 
where a dedicated circuit, e.g., a physical path from 
transmitter to receiver or a particular time slot on such 
physical path, is established before and maintained 
throughout each communication. Circuit switching has 
long been used for voice communication. However, 
because of the long circuit setup times and the dedica 
tion of switch resources for call duration that are in 
volved with known circuit switching networks, packet 
switching is typically used for data communication 
since such communication usually occurs in short, high 
rate bursts, with long pauses between bursts. Packet 
switching networks are characterized in that messages 
are broken down into standard-size packets which are 
individually routed through the network and in that 
computers using sophisticated software packages are 
employed to perform the packet switching functions at 
the nodes within the network. 

Because of evolving technological advances useful in 
implementing circuit switching networks and because 
of the complexity of known packet switching systems, 
circuit switching is sometimes a preferable alternative 
for use in many data communication applications. Cir 
cuit switching networks are frequently implemented 
with time-slot interchangers having random access 
memories wherein digital samples are sequentially writ 
ten into a sample memory and are read from locations of 
that memory in the order specified by control words 
read from a control memory. One limitation on the 
throughput capacity of such time-slot interchangers is 
the access speed of the random access memories. 
Known time-slot interchangers have included double 
buffered sample memories wherein during a given time 
interval or frame, samples are sequentially written into 
a first sample memory while samples which were writ 
ten into a second sample memory during the previous 
frame, are being read from the second memory. Since 
write access and read access are only required of each 
memory during alternate frames, the number of ac 
cesses per frame for each memory is decreased and the 
throughput of the time-slot interchanger can be corre 
spondingly increased. With known time-slot inter 
changers used for voice communication, the contents of 
the control memory are changed only relatively infre 
quently. Such changes can be made by dedicating a 
small portion of each frame, i.e., one or two time slots, 
for control memory write access. However, when a 
circuit switching network is to be used in data commu 
nication applications requiring that a circuit be estab 
lished for each packet-sized data communication, many 
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2 
control memory changes may have to be effected dur 
ing each frame. 

Providing control memory read access and write 
access during alternate halves of each time slot, al 
though allowing needed changes to be made, reduces 
the maximum throughput of the time-slot interchanger. 

In view of the foregoing, a recognized problem in the 
art is the reduction in throughput capacity of known 
time-slot interchangers with random access control 
memories when used in data communication circuit 
Switching applications requiring frequent control mem 
ory changes. 

SUMMARY OF THE INVENTION 

The aforementioned problem is solved and a techni 
cal advance is achieved in accordance with the princi 
ples of an illustrative embodiment of the invention ad 
vantageously in a time-slot interchanger having a depar 
ture in the art including a specific exemplary sequential 
access, circulating control memory, the contents of 
which can be rapidly and frequently changed with mini 
mal impairment of time-slot interchanger throughput by 
controlling the transmission of information concerning 
established connections, from a control memory output 
register to a control memory input register and by con 
trolling the transmission of information concerning new 
connections, to the control memory input register, 
An illustrative arrangement in accordance with the 

invention includes a number of input storage locations 
and a number of output storage locations. Connection 
words each defining one of the input storage locations 
and one of the output storage locations are sequentially 
received on a control memory input path. A control 
memory stores, for at most one frame, each of the con 
nection words received on the control memory input 
path. Digital words stored in input storage locations are 
transferred to output storage locations in response to 
the connection words stored by the control memory. A 
first enable gate selectively transmits connection words 
stored by the control memory, to the control memory 
input path for storage again by the control memory. 
One specific embodiment of an arrangement in accor 

dance with the invention further includes a new con 
nection word storage arrangement that stores new con 
nection words each defining one of the input storage 
locations and one of the output storage locations. A 
second enable gate transmits the new connection words 
stored by the new connection word storage arrange 
ment, to the control memory input path for storage by 
the control memory. The second enable gate is con 
trolled such that the new connection words stored by 
the new connection word storage arrangement, are 
transmitted to the control memory input path during 
times when no connection words stored by the control 
memory, are being transmitted by the first enable gate. 
The embodiment further includes a number of discon 
nect memory locations, each associated with one of the 
output storage locations, for storing disconnect signals. 
The transmission by the first enable gate of a given one 
of the connection words stored by the control memory 
is inhibited, when a disconnect signal is stored in the 
disconnect memory location associated with the output 
storage location defined by that given connection word. 

In the specific embodiment, the control memory in 
cludes an input register, an output register and a number 
of intermediate registers connected in series between 
the input register and the output register. The input 
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register receives connection words from the control 
memory input path and transmits connection words to a 
first one of the intermediate registers. The output regis 
ter receives connection words from a last one of the 
intermediate registers and transmits connection words 
to the first enable gate. Each connection word received 
by the control memory input path is shifted through the 
input register, each of the intermediate registers and the 
output register. Digital words are read from input stor 
age locations defined by the connection words shifted 
to the last intermediate register. Digital words read 
from input storage locations are Written into output 
storage locations defined by the connection words 
shifted to the output register. 

DRAWING DESCRIPTION 

FIG. 1 is a block diagram of an exemplary fast circuit 
switching system that establishes a circuit for each 
packet-sized data communication; 
FIG. 2 is a block diagram of an illustrative time-slot 

interchanger in accordance with the present invention 
that is advantageously used to effect fast circuit switch 
ing in a network which is a part of the system of FIG. 
1; 
FIG. 3 is a block diagram of a communications mod 

ule included in the system of FIG. 1; 
FIGS. 4 through 9, when arranged in accordance 

with FIG. 23, is a detailed diagram of a port controller 
included in the system of FIG. 1; 
FIG. 10 is a block diagram of the network included in 

the system of FIG. 1; 
FIGS. 11 through 16 when arranged in accordance 

with FIG. 24, is a more detailed diagram of the time-slot 
interchanger of FIG. 2, illustrating the mechanism in 
accordance with the invention that is capable of rapidly 
effecting many network path changes while maintaining 
high throughput by utilizing a sequential access, circu 
lating control memory, the contents of which can be 
rapidly and frequently changed. 
FIGS. 17 and 18 present digital word formats used on 

high-speed communication links included in the system 
of FIG. 1; 
FIG. 19 is a timing diagram relevant to the port con 

troller of FIGS. 4 through 9; 
FIG. 20 is a timing diagram relevant to the time-slot 

interchanger of FIGS. 11 through 16; 
FIG. 21 is a state diagram for a circuit included in the 

communications module of FIG. 3; and 
FIG. 22 is a truth table for a logic circuit included in 

the time-slot interchanger of FIGS. 11 through 16. 
GENERAL DESCRIPTION 

FIG. 1 is a block diagram of an illustrative fast circuit 
switching system used for data communication among 
256 user devices 1000-0 through 1000-255 representing 
any of a wide variety of devices including teleterminals, 
printers, computers and databases. Each user device 
1000-0 through 1000-255 interfaces with the system via 
an associated one of 256 communications modules 
2000-0 through 2000-255. The information transmitted 
by eight of the communications modules 2000-0 
through 2000-7 is multiplexed by a multiplexer/demulti 
plexer 3000-0 onto eight time-multiplexed source chan 
nels 0 through 7 of a high speed communications link 
3001-0, e.g., a fiber optic link, for transmission to a port 
controller 4000-0. Similarly, the information transmit 
ted by the other communications modules 2000-8 
through 2000-255 is multiplexed by multiplexer/demul 
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4 
tiplexer 3000-1 through 3000-31 onto time-multiplexed 
source channels 0 through 7 of high speed communica 
tions links 3001-1 through 3001-31 to port controllers 
4000-1 through 4000-31. Information is conveyed 
among the port controllers 4000-0 through 4000-31 by a 
switching network 5000. Port controller 4000-0 trans 
mits information received from network 5000, in eight 
time-multiplexed destination channels 0 through 7 on a 
high speed communications link 3002-0 to multiplexer/- 
demultiplexer 3000-0, which demultiplexes that infor 
mation for transmission to the eight communications 
modules 2000-0 through 2000-7. Similarly, port control 
lers 4000-1 through 4000-31 transmit information re 
ceived from network 5000, in time-multiplexed destina 
tion channels 0 through 7 on high speed communica 
tions links 3002-1 through 3002-31 to the multiplexer/- 
demultiplexers 3000-1 through 3000-31, which demulti 
plex that information for transmission to communica 
tions modules 2000-8 through 2000-255. Accordingly, 
each of the communications modules 2000-0 through 
2000-255 is permanently associated with one source 
channel on one of the 32, eight-channel links 3001-0 
through 3001-31 and with one destination channel on 
one of the 32, eight-channel links 3002-0 through 
3002-31. 

Multiplexer/demultiplexer 3000-0 transmits one 19 
bit digital word during each occurrence of a source 
channel on link 3001-0. The format of the digital words 
transmitted on links 3001-0 through 3001-31 is shown in 
FIG. 17. The format includes a receiver status bit used 
to define the availability of the communications module 
to receive data in its associated destination channel, a 
two-bit control field used to define the digital word as 
an idle word, a data word, a circuit setup request word 
or a circuit disconnect request word and a 16-bit data 
field. Further, for circuit setup request words and cir 
cuit disconnect request words, five bits of the data field 
are used to define the requested destination link of the 
32 links 3002-0 through 3002-31 and three bits of the 
data field are used to define the requested destination 
channel of the eight channels on the requested destina 
tion link. Equivalently, those eight data field bits define 
the requested destination communications module of 
the 256 communications modules 2000-0 through 
2000-255. 

Port controller 4000-0 transmits one 19-bit digital 
word during each occurrence of a destination channel 
on link 3002-0. The format of the digital words transmit 
ted on links 3002-0 through 3002-31 is shown in FIG. 
18. The format includes a two-bit response field used to 
transmit responses to circuit setup request words or 
circuit disconnect request words transmitted by a given 
communications module. The responses to a circuit 
setup request word are either a circuit set response or a 
destination busy response and the response to a circuit 
disconnect request word is a circuit disconnected re 
sponse. The format also has a control bit defining the 
digital word as either a command word or a data word 
and further includes a 16-bit data field. For command 
words, two bits of the data field are used to convey the 
two possible commands, a START RECEIVING 
DATA command used to command a communications 
module to begin storing the data words received in its 
associated destination channel and a STOP RECEIV 
ING DATA command used to command the communi 
cations module to stop storing the data words received 
in its associated destination channel. 
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The digital words on links 3001-0 through 3001-31, 
3002-0 through 3002-31 as well as on the links between 
the port controllers 4000-0 through 4000-31 and net 
work 5000 further include parity and synchronization 
bits (not shown) to detect errors and maintain system 
synchronization, respectively. The use of such bits is 
well known and is, therefore, not described herein. 

Information is conveyed on links 3001-0 through 
3001-31 and 3002-0 through 3001-31 in frames each 
comprising eight time slots or channels. In contrast to 
voice switching systems which typically operate in 
125-microsecond frames, the present exemplary system 
operates in 62.5-microsecond frames. Since each com 
munications module transmits 16 data bits per frame, the 
effective data rate of each communications module is 
256 kilobits per second. 
When a given communications nodule, e.g., 2000-0, 

wishes to establish communications with a particular 
destination communications module, e.g., 2000-248, 
communications module 2000-0 begins transmitting in 
its associated source channel 0 on link 3001-0, circuit 
setup request words defining the destination channel 
associated with communications module 2000-248, i.e., 
channel 0 of link 3002-31. The port controllers 4000-0 
through 4000-31 collectively maintain a database com 
prising thirty-two, 17-bit status words defining the 
availability of destination channels and the availability 
of destination communications modules to receive data. 
In the present embodiment, each of the port controllers 
4000-0 through 4000-31 stores one of the status words. 
The status words are repetitively cycled through each 
of the port controllers 4000-0 through 4000-31 via the 
transmission paths 4001-0 through 4001-31. Each status 
word includes eight bits that define the availability of 
the eight destination channels on one of the links 3002-0 
through 3002-31 and eight bits that define the availabil 
ity of the communications modules associated with 
those destination channels to receive data. One status 
word bit is used to define status word 0 among the 
sequence of 32 status words 0 through 31. In the present 
embodiment, port controller 4000-0 is only responsive 
to circuit setup request or circuit disconnect request 
words received from a given one of the communica 
tions modules 2000-0 through 2000-7, during one frame 
out of each sequence of eight consecutive frames. Port 
controller 4000-0 responds to one of the circuit setup 
request words defining destination channel 0 of link 
3002-31 by storing that circuit setup request word until 
status word 31, defining the availability of the destina 
tion channels on link 3002-31 and the availability of the 
communications modules 2000-248 through 2000-255 to 
receive data, is cycled to port controller 4000-0 to be 
stored therein. If that status word indicates that either 
destination channel 0 of link 3002-31 is unavailable or 
that communications module 2000-248 is presently un 
available to receive data, port controller 4000-0 trans 
mits a destination busy response to communications 
module 2000-0 which continues to transmit circuit setup 
request words to attempt to establish communication 
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setup request word to input port IPO of network 5000. 
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6 
able and the communications module 2000-248 as un 
available to receive data. Communications module 
2000-0 receives the circuit set response and begins to 
transmit data words in its associated source channel 0 of 
link 3001-0 to port controller 4000-0. Port controller 
4000-0 also transmits these subsequent data words on to 
network 5000 input port IPO. Network 5000, which 
comprises eight time-slot interchangers 5100-0 through 
51.00-7 (FIG. 10), responds to the circuit setup request 
word by establishing a communication path via net 
work 5000 output port OP31 and port controller 
4000-31 to destination channel 0 of link 3002-31 and 
transmits the circuit setup request word and the subse 
quent data words thereon. Port controller 4000-31 re 
sponds to the circuit setup request word by transmitting 
a START RECEIVING DATA command followed 
by the subsequent data words via destination channel 0 
of link 3002-31 to communications module 2000-248. 
Communications module 2000-248 responds to the 
START RECEIVING DATA command by storing 
each data word received in destination channel 0 of link 
3002-31 for subsequent transmission to user device 
1000-248. 

Because of the operation of the port controllers 
4000-0 through 4000-31 in conjunction with the distrib 
uted database of 32 status words, network 5000 only 
receives circuit setup request words defining destina 
tion channels that are available. Advantageously, net 
work 5000 establishes a path in such manner that the 
circuit setup request word and each subsequent data 
word are conveyed thereon with no words being lost 
due to delay in establishing the path. Further, no net 
work 5000 paths are established to communications 
modules that are occupied with other tasks, e.g., pro 
cessing interrupts or checking the error check code of 
previously received data, and are therefore not yet 
available to receive data. Accordingly, flow control 
protocols are not required to assure that transmitted 
data is received since no data is transmitted until the 
availability of the destination channel and the availabil 
ity of the destination communications module are as 
sured. 

After communications module 2000-0 has completed 
its data transmission to communications module 
2000-248, communications module 2000-0 begins trans 
mitting circuit disconnect request words defining desti 
nation channel 0 of link 3002-31, to port controller 
4000-0. Port controller 4000-0 responds to one of the 
circuit disconnect request words by storing that circuit 
disconnect request word until status word 31, associ 
ated with destination channel 0 of link 3002-31 and 
communications module 2000-248, is again cycled to 
port controller 4000-0 for storage therein. Port control 
ler 4000-0 then modifies status word 31 to define desti 
nation channel 0 of link 3002-31 as available. Port con 
troller 4000-0 does not however modify status word 31 
to define communications module 2000-248 as available 
to receive data. That is left for communications module 
2000-248 to do. Port controller 4000-0 then transmits a 
circuit disconnected response to communications mod 
ule 2000-0 and transmits the stored circuit disconnect 
request word on to input port IPO of network 5000. 
Network 5000 responds by deallocating the path to 
destination channel 0 of link 3002-31 but not before the 
circuit disconnect request word is conveyed thereon to 
port controller 4000-31. Port controller 4000-31 re 
sponds to the circuit disconnect request word by trans 
mitting a STOP RECEIVING DATA command to 
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communications module 2000-248. In response to this 
command, communications module 2000-248 stops stor 
ing the data words received in destination channel 0 of 
link 3002-31 and transmits the stored data transmission 
from communications module 2000-0 to user device 
1000-248. Only after communications module 2000-248 
has completed its other tasks does it notify port control 
ler 4000-31 that it is again available to receive data. 
Communications module 2000-248 transmits logic one 
receiver status bits in the digital words transmitted in 
source channel 0 of link 3002-31 as a receiver available 
signal. The next time status word 31 defining the avail 
ability of communications module 2000-248 to receive 
data is cycled to port controller 4000-31, that status 
word 31 is modified to define communications module 
2000-248 as again available to receive data. Only then 
will a given communications module transmitting cir 
cuit setup request words defining communications mod 
ule 2000-248 be successful in having a network 5000 
path established to destination channel 0 of link 3002-31. 
Network 5000 comprises eight time-slot interchang 

ers 5100-0 through 5100-7 (FIG. 10). Each time-slot 
interchanger receives information from all 32 network 
5000 input ports IPO through IP31 but transmits infor 
mation to only four of the 32 network 5000 output ports 
OPO through OP31. Accordingly, a given time-slot 
interchanger, e.g., 5100-0, receives 256 digital words 
during a given frame (eight digital words from each of 
the port controllers 4000-0 through 4000-31) but is re 
quired to transmit only 32 digital words (eight digital 
words to each of the port controllers 4000-0 through 
4000-3). A block diagram of time-slot interchanger 
5100-0 is shown in FIG. 2. (A more detailed diagram of 
time-slot interchanger 5100-0 is shown in FIGS. 11 
through 16, when arranged in accordance with FIG. 
24). The digital words transmitted by port controllers 
4000-0 through 4000-31 are received by a TSI input 
circuit 5200 including a triple-buffered memory ar 
rangement. Digital words are stored in TSI input circuit 
5200 during one frame, during the next frame any of 
those digital words that are circuit setup request words 
or circuit disconnect request words are used to appro 
priately change the contents of a control memory 5445 
and then during a third frame up to 32 of those digital 
words are read from TSI input circuit 5200 and are 
transmitted via a register 5290 to be written in a TSI 
output circuit 5600. The reading of TSI input circuit 
5200 and the writing of TSI output circuit 5600 are 
accomplished in accordance with source addresses and 
destination addresses transmitted from control memory 
5445 via paths 5487 and 5488, respectively. TSI output 
circuit 5600 includes a double-buffered memory ar 
rangement. Accordingly, digital words written into TSI 
output circuit 5600 during one frame are transmitted to 
port controllers 4000-0 through 4000-3 during the next 
frame. 

In the present embodiment, a given port controller 
transmits at most one circuit setup request word or 
circuit disconnect request word to network 5000 during 
a given frame. Since TSI input circuit 5200 receives 
information from all 32 of the port controllers 4000-0 
through 4000-31, TSI input circuit 5200 receives at most 
32 circuit setup request or circuit disconnect request 
words during one frame. For each circuit setup request 
word defining a circuit to one of the communications 
modules 2000-0 through 2000-31 that is received during 
a given frame, a new connection word is stored in a new 
connection word storage arrangement 5410. (Recall 
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8 
that time-slot interchanger 5100-0 transmits information 
to only the 32 communications modules 2000-0 through 
2000-31.) Each new connection word stored includes a 
source address defining the one out of 256 communica 
tions modules that has initiated the circuit setup request 
and a destination address that defines the one out of 32 
possible communications modules that is the requested 
destination. For each circuit disconnect request word 
defining a circuit to one of the communications modules 
2000-0 through 2000-31 that is received during the 
given frame, a disconnection word is stored in a discon 
nection word storage arrangement 5460. Each discon 
nection word defines one of the 32 possible destination 
communications modules 2000-0 through 2000-31 that is 
to be disconnected. During the next frame, the discon 
nection words stored in arrangement 54.60 are used to 
address a disconnect memory arrangement 5490 having 
locations associated with each of the 32 communica 
tions modules 2000-0 through 2000-31. Logic one sig 
nals are stored in each addressed location indicating 
that the path to the associated communications module 
is to be disconnected. 

Control memory 5445 comprises 32, fifteen-bit con 
nection word storage registers: an input register 5446-0, 
30 intermediate registers 5446-1 through 5446-30 and an 
output register 5446-31. Thirty-two times during each 
frame, the contents of the registers 5446-0 through 
5446-31 are shifted by one register in response to a clock 
signal X1 (FIG. 20). Each register 5446-0 through 
5446-31 stores one digital word comprising a six-bit 
destination address (bits 0 through 5) and a nine-bit 
source address (bits 6 through 14). If a digital word 
stored in control memory 5445 has a logic one in bits 0 
and 6 it is a connection word, i.e., it represents an estab 
lished connection. Otherwise, it is a null word repre 
senting no established connection. For connection 
words, bits 1 through 5 define one of 32 locations of TSI 
output circuit 5600 associated with the 32 destination 
communications modules 2000-0 though 2000-31 and 
bits 7-14 define one of 256 locations of TSI input circuit 
5200 associated with the 256 source communications 
modules 2000-0 through 2000-255. When a given con 
nection word is stored in register 5446-30 on the clock 
signal X1, the source address of that connection word is 
transmitted to TSI input circuit 5200 via path 5487 and 
the digital word stored in the TSI input circuit 5200 
location defined by that source address is read and 
stored in register 5290 on a clock signal X2 (FIG. 20). 
When the given connection word is then shifted to 
output register 5446-31 on the next clock signal X1, the 
destination address of that connection word is transmit 
ted to TSI output circuit 5600 via path 5488 and the 
digital word stored in register 5290 is written into TSI 
output circuit 5600 at the location defined by that desti 
nation address. Since TSI output circuit 5600 includes a 
double-buffered memory arrangement, digital words 
written into TSI output circuit 5600 during one frame 
are not transmitted until the following frame and the 
sequential order in which transfers from TSI input cir 
cuit 5200 to TSI output circuit 5600 occur is unimpor 
tant. Accordingly, connection words may be stored in 
any sequential order in control memory 5445. 
When the given connection word is stored in register 

5446-30, the destination address of that connection 
word is transmitted to disconnect memory arrangement 
5490 and the bit stored in the location thus addressed is 
read and stored in a one-bit disconnect register 5495 on 
clock signal X2. Therefore, when the given connection 
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word is shifted to output register 5446-31 on the next 
clock signal X1, the bit present in register 5495 indicates 
whether the connection represented by the given con 
nection word is to remain connected or to be discon 
nected during the next frame. The bit stored in register 
5495 together with bit 0 of the digital word in output 
register 5446-31 and bit 0 of a new connection word 
available on a bus 5440 from new connection word 
storage arrangement 5410 are the three input signals to 
a select logic circuit 5496. A logic one in bit 0 of output 
register 5446-31 indicates that the digital word stored 
therein is a connection word rather than a null word. A 
logic one bit stored in register 5495 indicates that the 
connection represented by the connection word stored 
in register 5446-31 is to be disconnected during the next 
frame. A logic one on bit 0 of bus 5440 indicates that 
there is a new connection word available to be stored in 
control memory 5445. Select logic circuit 5496 trans 
mits signals to control three enable gates 5443, 5441 and 
5444 in accordance with the truth table given in FIG. 
22. When a null word is present in output register 
5446-31 and bit 0 of bus 5440 indicates that there is a 
new connection word available to be stored in control 
memory 5445, i.e., there is a new connection to be estab 
lished, select logic circuit 5496 transmits a logic one 
signal to enable gate 5441 and the new connection word 
is transmitted via enable gate 5441 and a control mem 
ory input path 5447 and stored by input register 5446-0 
on the next clock signal X1. When bit 0 of bus 5440 
indicates that there is no new connection word avail 
able, select logic circuit 5496 transmits a logic one sig 
nal to enable gate 5443 and a null word comprising all 
logic zero bits is transmitted via enable gate 5443 from 
a zero register 5442 and stored by input register 5446-0 
on the next clock signal X1. When a connection word 
rather than a null word is present in output register 
5446-31 and the bit in register 5495 indicates that the 
connection is not to be disconnected, select logic circuit 
54496 transmits a logic one signal to enable gate 5444 
and the connection word stored in output register 
5446-31 is shifted via enable gate 5444 to input register 
5446-0 on the next clock signal X1. However, when the 
bit in register 5495 indicates that the connection is to be 
disconnected and bit 0 of bus 5440 indicates that there is 
a new connection word available to be stored in control 
memory 5445, i.e., there is a new connection to be estab 
lished, select logic circuit 5496 transmits a logic one 
signal to enable gate 5441 and the new connection word 
is transmitted via enable gate 5441 and stored by input 
register 5446-0 on the next clock signal X1. Finally, 
when the bit in register 5495 indicates that the connec 
tion is to be disconnected but bit 0 of bus 5440 indicates 
that there is no new connection word available to be 
stored in control memory 5445, select logic circuit 5496 
transmits a logic one signal to enable gate 5443 and a 
null word comprising all logic zero bits is transmitted 
via enable gate 5443 from zero register 5442 and stored 
by input register 5446-0 on the next clock signal X1. 

Control memory 5445 is a sequential access memory 
rather than a random access memory and is in effect a 
circulating, multiple-bit shift register wherein the infor 
mation to be transmitted to input register 5446-0 via 
control memory input path 5447 is selected by select 
logic circuit 5496. In the present exemplary embodi 
ment, each connection word (or null word) received on 
control memory input path 5447 is stored in control 
memory 5445 for one frame. Since the transmission of 
source and destination addresses from control memory 
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5445 to control the transfer of digital words from TSI 
input circuit 5200 to TSI output circuit 5600 occurs 
substantially simultaneously with the transmission of 
connection words (or null words) for storage in input 
register 5446-0, digital words are transferred at a rela 
tively higher rate in time-slot interchanger 5100-0 than 
in a time-slot interchanger utilizing a random access 
control memory arrangement of comparable technol 
ogy but having alternate read and write access. Advan 
tageously, control memory 5445 can disconnect 32 ac 
tive connections and establish 32 new connections 
within any given frame. 

DETAILED DESCRIPTION 

Certain of the elements of the fast circuit switching 
system of FIG. 1 are now described in more detail. 

Communications Module 2000-0 
Communications module 2000-0 (FIG. 3) comprises a 

user buffer 2003 for storing data for communication 
with user device 1000-0, a processor 2004 and a memory 
2002 interconnected by a bus 2001. Information in mem 
ory 2002 is conveyed to multiplexer/demultiplexer 
3000-0 via a direct memory access device 2005 and a 
DMA transmit control circuit 2006. Information from 
multiplexer/demultiplexer 3000-0 is conveyed to mem 
ory 2002 via a DMA receive control circuit 2007 and 
direct memory access device 2005. 
As an example consider that processor 2004 deter 

mines that a given block of data, e.g., 100 eight-bit 
bytes, received from user device 1000-0 via user buffer 
2003 and stored in memory 2002 is to be transmitted to 
user device 1000-248. Processor 2004 transmits a 
START command via bus 2001 to DMA transmit con 
trol circuit 2006, which command indicates that the 
data is to be transmitted to destination channel 0 of link 
3002-31 for communication via communications mod 
ule 2000-248 to user device 1000-248. Processor 2004 
also notifies DMA transmit control circuit 2006 of the 
size of the data block. Circuit 2006 has four operating 
states as shown in the state diagram of FIG. 21. Assum 
ing that circuit 2006 is in the READY state, i.e., it is not 
involved in transmitting other data, it changes to the 
SETUP state in response to the START command and 
transmits a given circuit setup request word defining 
channel 0 of link 3002-31 as the requested destination. 
The given circuit setup request word is transmitted by 
multiplexer/demultiplexer 3000-0 in source channel 0 of 
link 3001-0 to port controller 4000-0. Until DMA re 
ceive control circuit 2007 receives a circuit set response 
from port controller 4000-0 in destination channel 0 of 
link 3002-0 and informs circuit 2006 thereof via a path 
2008, circuit 2006 remains in the SETUP state. In other 
words, when DMA receive control circuit 2007 re 
ceives either no response or destination busy responses 
in destination channel 0 of link 3002-0, DMA transmit 
control circuit 2007 remains in the SETUP state and 
repetitively transmits the given circuit setup request 
word in source channel 0 of link 3001-0. Upon being 
informed by circuit 2007 via path 2008 of the receipt of 
a circuit set response, circuit 2006 changes to the 
TRANSFER state and transmits a signal via a path 2009 
to direct memory access device 2005 which, in response 
to the signal, begins reading the data block in memory 
2002 and transmitting that data via multiplexer/demulti 
plexer 3000-0 in source channel 0 of link 3001-0 at the 
rate of two bytes, i.e., 16 bits, per frame. 

Recall that processor 2004 notified circuit 2006 of the 
length of the data block in memory 2002. When the 
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entire block has been transmitted, circuit 2006 changes 
to the DISCONNECT state and transmits a circuit 
disconnect request word again defining destination 
channel 0 of link 3002-31. The circuit disconnect re 
quest word is transmitted in source channel 0 of link 
3001-0 to port controller 4000-0. When circuit 2007 
receives a circuit disconnected response in destination 
channel 0 of link 3002-0 and notifies circuit 2006 via 
path 2008, circuit 2006 returns to the READY state 
where it is available to transmit another data block. 
DMA transmit control circuit 2006 is also used to 

inform port controller 4000-0 that communications 
module 2000-0 is available to receive data on destination 
channel 0 of link 3002-0. When processor 2004 deter 
mines that circuit 2007 and direct memory access device 
2005 are prepared to transfer incoming data from link 
3002-0 to memory 2002 for storage therein, processor 
2004 so notifies circuit 2006 which transmits logic one 
receiver status bits (bit 0, FIG. 17) in source channel 0 
of link 3001-0 thereby informing port controller 4000-0 
that communications module 2000-0 is ready to receive 
data from destination channel 0 of link 3002-0. In re 
sponse, port controller 4000-0 modifies status word 0 
defining the availability of communications module 
2000-0 to receive data, the next time that status word 0 
is cycled to port controller 4000-0. 
DMA receive control circuit 2007, in addition to 

detecting circuit set, circuit disconnected and destina 
tion busy responses in destination channel 0 of link 
3002-0 and notifying circuit 2006 thereof via path 2008 
as described above, detects the START RECEIVING 
DATA and STOP RECEIVING DATA commands 
(FIG. 18) with regard to the transmission of data to 
communications module 2000-0 from another commu 
nications module of the system. When circuit 2007 de 
tects a START RECEIVING DATA command from 
destination channel 0 of link 3002-0, circuit 2007 notifies 
direct memory access device 2005 via a path 2010. Cir 
cuit 2007 then begins transferring the 16-bit data field of 
each data word subsequently received in that destina 
tion channel, to direct memory access device 2005 for 
storage in memory 2002. When circuit 2007 subse 
quently detects a STOP RECEIVING DATA com 
mand in that destination channel, circuit 2007 stops 
transferring data for storage in memory 2002 and noti 
fies processor 2004 and direct memory access device 
2005 that a complete data block has been received and 
stored in memory 2002. In response, processor 2004 
initiates the transfer of the data block to user buffer 2003 
for communication to user device 1000-0. 

Port Controller 4000-0 
Port controller 4000-0, shown in FIGS. 4 through 9, 

arranged in accordance with FIG. 23, includes a port 
input circuit 4100, a port control circuit 4300 and a port 
output circuit 4500. The functions of port controller 
4000-0 are to detect circuit setup request and circuit 
disconnect request words received in source channels 
of link 3001-0 and to transmit received circuit setup 
request words and subsequent data words to network 
5000 input port IPO only after the status word defining 
the availability of the requested destination channel and 
the availability of the destination communications mod 
ule to receive data, has been cycled to port controller 
4000-0 and that status word indicates both that the re 
quested destination channel is available and that the 
destination communications module is available to re 
ceive data. Port controller 4000-0 appropriately modi 
fies the status word before transmitting it on to port 
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controller 4000-1. Port controller 4000-0 transmits cir 
cuit set or destination busy responses in destination 
channels on link 3002-0 in response to circuit setup 
request words received in source channels on link 
3001-0. Port controller 4000-0 transmits circuit discon 
nected responses in destination channels on link 3002-0 
and appropriately modifies status words in response to 
circuit disconnect request words received in source 
channels on link 3001-0. Port controller 4000-0 trans 
mits received circuit disconnect request words on to 
network 5000 input port IPO. Port controller 4000-0 
modifies status words in response to receiver available 
signals received in source channels on link 3001-0 indi 
cating that the communications modules associated 
with those source channels are available to receive data. 
Finally, port controller 4000-0 responds to circuit setup 
request and circuit disconnect request words received 
from network 5000 output port OPO by transmitting 
START RECEIVING DATA and STOP RECEIV 
ING DATA commands, respectively, to multiplexer/- 
demultiplexer 3000-0 in destination channels on link 
3002-0. 

Port controller 4000-0 operates in frames of eight 
channels or time slots each. Six clock signals C0 
through C5 (FIG. 19), which are used within port con 
troller 4000-0 for timing purposes, all are of a frequency 
of one pulse per time slot. During each timeslot, a 19-bit 
digital word (FIG. 17) is serially received on link 3001-0 
by serial-parallel register 4101. That digital word is 
stored in a 19-bit register 4103 on the clock signal C0. 
Clock signal C0 is also used to increment a three-bit 
time-slot counter 4115 and a modulo-9 counter 4129. 
Time-slot counter 4115 repetitively generates the three 
bit time-slot designations 000 through 111 representing 
the channels 0 through 7 of link 3001-0 from which the 
digital words stored in register 4103 are received. 
Modulo-9 counter 4129 generates logic one signals on 
conductors 4130 and 4131 during every ninth time slot 
(FIG. 19). The logic one signal on conductor 4130 oc 
curs one time slot after the logic one signal on conduc 
tor 4131. To simplify the implementation of both port 
controller 4000-0 and network 5000, at most one circuit 
setup request or circuit disconnect request word on link 
3001-0 will be processed by port controller 4000-0 dur 
ing each frame. Modulo-9 counter 4129 is used in a 
manner akin to that of a stroboscope such that when a 
circuit setup request or circuit disconnect request word 
received in channel 0 of a given frame is processed by 
port controller 4000-0, a circuit setup request or circuit 
disconnect request word received in channel 1 of the 
next frame will be processed etc. Accordingly, a given 
communications module may transmit circuit setup 
request or circuit disconnect request words in at most 
eight consecutive frames before one such word is pro 
cessed by port controller 4000-0. 
As an example, assume that a given circuit setup 

request word defining destination channel 0 of link 
3002-31 is received in source channel 0 of link 3001-0 
during a frame when modulo-9 counter 4129 transmits a 
logic one signal on conductor 4130 during time slot 0. A 
decoder 4105, which receives bits 1 and 2 of each digital 
word stored in register 4103, determines that the word 
presently stored in register 4103 is a circuit setup re 
quest word and transmits a logic one signal on a con 
ductor 4106 to an AND gate 4111. The logic one signal 
generated by modulo-9 counter 4129 on conductor 4130 
is transmitted to an AND gate 4113, which receives at 
its other input terminal the clock signal C1. On clock 
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signal C1, AND gate 4113 transmits a logic one signal 
to AND gate 4111, which transmits a logic one signal to 
an 18-bit register 4109 and a three-bit register 4117 since 
it is receiving the logic one signal on conductor 4106 
from decoder 4105 on its other input terminal. In re 
sponse to the logic one signal from AND gate 4111, 
register 4109 stores bits 1 through 18 of the given circuit 
setup request word present in register 4103 and register 
4117 stores the time-slot designation 000 representing 
time slot 0 being generated by time-slot counter 4115. 
The words stored in registers 4109 and 4117 will remain 
there for nine time slots until modulo-9 counter 4129 
again generates a logic one signal on conductor 4130. 
The logic one signal on conductor 4130 is transmitted to 
an AND gate 4151, which receives the clock signal C0 
at its other input terminal. On the clock signal C0 nine 
time slots later, AND gate 4151 transmits a logic one 
signal to clear registers 4109 and 4117. 
The words stored in registers 4109 and 4117 on the 

clock signal C1 are conveyed to port control circuit 
4300. As will be described further herein, during the 
next seven time slots, each of the 32 status words 0 
through 31 defining the availability of destination chan 
nels and the availability of destination communications 
modules to receive data, is cycled to port controller 
4000-0 at least once. When status word 31 associated 
with the destination communication module 2000-248 is 
cycled to port controller 4000-0, either a flip-flop 4371 
S or a flip-flop 4372-B is set. Flip-flop 4371-S is set if 
status word 31 indicates both that destination channel 0 
of link 3002-31 is available and that communications 
module 2000-248 is available to receive data. Otherwise, 
flip-flop 4372-B is set. The output signal generated by 
flip-flop 4371-S is transmitted to an AND gate 4381-S. 
The other input terminal of AND gate 4381-S is con 
nected to an AND gate 4375. AND gate 4375 receives 
at its two input terminals the clock signal C3 and the 
logic signal transmitted on conductor 4131 by modulo-9 
counter 4129. Accordingly, if flip-flop 4371-s is set indi 
cating that the requested circuit is to be established, on 
the clock signal C3 of the eighth time slot following the 
storage of the given circuit setup request word in regis 
ter 4109, AND gate 4381-S transmits a logic one signal 
via an OR gate 4385 to a data selector 4119 and an 
address selector 4123, and via an additional OR gate 
4125 to a WRITE input terminal of an 8X18 (8 loca 
tions of 18 bits each) randon access memory 4127. Data 
selector 4119 and address selector 4123 as well as other 
data selectors and address selectors described herein 
operate as follows. When a logic one signal is transmit 
ted to the upper input terminal on the left-hand side of 
data selector 4119, the data present at the left input 
terminal on the upper side of data selector 4119 is trans 
mitted to the DATA IN terminal of memory 4127. 
When a logic one signal is transmitted to the lower 
input terminal on the left-hand side of data selector 
4119, the data present at the right input terminal on the 
upper side of data selector 4119 is transmitted to the 
DATA IN terminal of memory 4127. Similarly, when a 
logic one signal is transmitted to the upper input termi 
nal on the left-hand side of address selector 4123, the 
address present at the left input terminal on the upper 
side of address selector 4123 is transmitted to the AD 
DRESS terminal of memory 4127. When a logic one 
signal is transmitted to the lower input terminal on the 
left-hand side of address selector 4123, the address pres 
ent at the right input terminal on the upper side of ad 
dress selector 4123 is transmitted to the ADDRESS 
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14 
terminal of memory 4127. Accordingly, when AND 
gate 4381-S transmits the logic one signal indicating that 
the requested circuit is to be established, the given cir 
cuit setup request word present in register 4109 is stored 
in memory 4127 at location 000 as defined by the time 
slot designation stored in register 4117. 
An 8X 1 random access, status memory 4303 included 

in port control circuit 4300 stores a bit in each of its 
eight locations indicating whether circuits have been 
established from the eight source channels on link 
3001-0 via network 5000 to destination channels. A 
logic one bit indicates that a circuit has been established. 
When AND gate 4381-S generates the logic one signal 
in response to the given circuit setup request word, that 
logic one signal is also conveyed via OR gate 4385 to 
the WRITE terminal of status memory 4303 and to an 
input terminal of an address selector 4301. The logic 
one signal was also directly transmitted to the DATA 
IN terminal of status memory 4303. Accordingly, a 
logic one bit indicating that a circuit has been estab 
lished from source channel 0 of link 3001-0 is stored in 
status memory 4303 location 000 as defined by the time 
slot designation stored in register 4117. 

If a given circuit disconnect request word is stored in 
register 4103 during time slot 0 rather than the given 
circuit setup request word, decoder 4105 again trans 
mits a logic one signal on conductor 4106 and the given 
circuit disconnect request word and the time-slot desig 
nation 000 are stored in registers 4109 and 417. When 
status word 31 associated with communications module 
2000-248 is cycled to port controller 4000-0, a flip-flop 
4373-D is set and an AND gate 4383-D transmits a logic 
one signal via OR gate 4385 to data selector 4119 and 
address selector 4123 and via OR gate 4125 to the 
WRITE terminal of memory 4127. Accordingly, the 
given circuit disconnect request word is stored in mem 
ory 4127 location 000. Further, the logic one signal 
generated by AND gate 4383-D is transmitted via OR 
gate 4385 to address selector 4301 and to the WRITE 
terminal of status memory 4303. However, in this case, 
flip-flop 4371-S is not set and AND gate 4381-S trans 
mits a logic zero signal to the DATA IN terminal of . 
status memory 4303. Therefore, a logic zero bit is stored 
in status memory 4303 location 000 indicating that a 
circuit from source channel 0 of link 3001-0 is not pres 
ently established. 
On the clock signal C1 during each time slot, the bit 

stored in the status memory 4303 location associated 
with that time slot as defined by the time-slot designa 
tion transmitted by time-slot counter 4115 is read and 
stored in a flip-flop 4305. When during a given time slot, 
e.g., time sot 3, a logic one bit, stored in flip-flop 4305 
indicating that a circuit is presently established from 
source channel 3 of link 3001-0, is transmitted to an 
AND gate 4108 and decoder 4105 also transmits a logic 
one signal on conductor 4107 indicating that the word 
presently stored in register 4103 is a data word rather 
than a circuit setup request or circuit disconnect request 
word, AND gate 4108 transmits, on the clock signal C2, 
a logic one signal to an input terminal of data selector 
4119, via an OR gate 4121 to an input terminal of ad 
dress selector 4123 and via OR gate 4125 to the WRITE 
terminal of memory 4127. In response, the data word 
present in register 4103 is written into memory 4127 
location 011 as defined by the time-slot designation 011 
generated by time-slot counter 4115 during time slot 3. 
On the clock signal C4 during each time slot, the 

18-bit word stored in the memory 4127 location defined 
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by time-slot counter 4115 is read and stored on the 
clock signal C5 in a parallel-serial register 4128. The 
stored 18-bit word is then transmitted serially to net 
work 5000 input port IPO. Memory 4127 is a destruc 
tive read memory. Therefore after each memory 4127 
location is read, 18 logic zero bits are stored in that 
memory 4127 location. Further, on the clock signal C5 
of each time slot, flip-flop 4305 is reset. Status memory 
4303 is not a destructive read memory. Therefore, once 
a logic one bit has been written in status memory 4303 
indicating that a circuit has been established, the logic 
one bit remains therein until being overwritten by a 
logic zero bit indicating that the circuit has been discon 
nected. 

Recall that a given circuit setup request or circuit 
disconnect request word and its associated time-slot 
designation, once stored in registers 4109 and 4117 re 
spectively, remain therein for nine time slots. Now 
assume that a given circuit setup request word defining 
destination channel 0 of link 3002-31 is received in 
source channel 0 on line 3001-0 and that the given cir 
cuit setup request word and the source channel time 
slot designation 000 are stored in registers 4109 and 
4117. Port control circuit 4300 of port controller 4000-0 
includes a 17-bit status word receive register 4341 for 
storing status words received from port controller 
4000-31 and a 17-bit status word transmit register 4342 
for storing modified status words to be transmitted on to 
port controller 4000-1. The status word present in the 
status word transmit register 4342 of port controller 
4000-31 is stored in the status word receive register 4341 
of port controller 4000-0 during each occurrence of a 
clock signal K0. The status word present int the status 
word receive register 4341 of port controller 4000-0 is 
modified and stored in the status word transmit register 
4342 of port controller 4000-0 during each occurrence 
of a clock signal K1. In the present embodiment, the 
clock signals K0 and K1 are both of a frequency of five 
pulses per link 3001-0 time slot (FIG. 19). Accordingly 
each of the 32 status words is cycled to port controller 
4000-0 once in a period les than seven time slots. 
The mechanism for cycling status words can be 

equivalently described as follows. Assume that j, k and 
l are defined as integers with k being the integer result 
ing from the modulo-32 addition of one to the integerj 
and with 1 being the integer resulting from the modulo 
32 addition of one to the integer k. For any integer j. 
from 0 through 31, the status word transmit register 
4342 of the kth port controller (4000-k) transmits each 
status word stored by the status word receive register 
4341 of the kth port controller (4000-k) to the lth port 
controller (4000-1). Further, the status word receive 
register 4341 of the Kth DOT COntroller (4000-k) receives 
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associated communications modules to receive data. Bit 
16 is a logic zero bit in the other 31 status words. A loop 
counter 4329 which is incremented on each clock signal 
K0, generates five-bit status word designations from 
00000 to 11111. Loop counter 4329 is reset by the logic 
one bit in bit 16 of status word 0. Accordingly, when 
status word 0 is present in status word receive register 
4341, loop counter 4329 generates the status word des 
ignation 00000, when status word 1 is present in register 
4341, loop counter 4329 generates the status word des 
ignation 00001, etc. Finally, when status word 31 is 
present in register 4341, loop counter 4329 generates the 
status word designation 11111. In the present example, 
bits 11-15 of the given circuit setup request word are 
the bits 11111 defining link 3002-31 as the requested 
destination link. Decoder 4311, which receives bits 1 
and 2 of the digital word stored in register 4109, deter 
mines that the stored digital word is a circuit setup 
request word and transmits a logic one signal via a 
conductor 4310 and an OR gate 4317 to an AND gate 
4319. During the same time slot that the given circuit 
setup request word was stored in register 4109 on the 
clock signal C1, the logic one signal generated by 
modulo-9 counter 4129 is transmitted on conductor 
4130 to AND gate 4319. AND gate 4319 receives at a 
third input terminal the clock signal C2. Accordingly 
on the clock signal C2 of that same time slot, AND gate 
4319 transmits a logic one signal to set a flip-flop 4321 to 
enable a comparator 4323. Comparator 4323 compares 
the status word designations generated by loop counter 
4329 with the bits 11-15 of the given circuit setup re 
quest word stored in register 4109. When status word 31 
is cycled to status word receive register 4341 as indi 
cated by loop counter 4329 generating the designation 
11111, comparator 4323 generates a logic one signal 
indicating that the status word relevant to the circuit 
setup request word being processed is now present in 
status word receive register 4341. The logic one signal 
generated by comparator 4323 is transmitted to three 
AND gates 4351, 4353 and 4355 of a logic circuit 4350-0 
and to similar AND gates included in seven other logic 
circuits 4350-1 through 4350-7. Bits 16through 18 of the 
given circuit setup request word stored in register 4109 
are transmitted to a 1-out-of-8 selector 4331 which 
transmits a logic one signal on the one of eight conduc 
tors SEL0 through SEL7 defined by those bits. In the 
present example, since the requested destination chan 
nel is channel 0, a logic one signal is transmitted on 
conductor SELO to the three AND gates 4351,4353 and 
4355 of the logic circuit 4350-0 only. During the same 
time slot that the given circuit setup request word was 
stored in register 4109, i.e., time slot 0, the bit stored in 
Status memory 430310Cation 000 Was read and St0red in 
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no circuit from the source channel transmitting that 
circuit setup request word has presently been estab 
lished. 

If bits 0 and 8 of status word 31, which is presently 
stored in status word receive register 4341, are both 
logic ones indicating both that destination channel 0 of 
link 3002-31 is available and that communications mod 
ule 2000-248 is available to receive data, the AND gate 
4351 of logic circuit 4350-0 transmits a logic one signal 
via an eight-input OR gate 4361-S to set flip-flop 4371 
S. Recall that setting flip-flop 4371-S results in the given 
circuit setup request word being stored in memory 4127 
location 000 and a logic one bit, indicating that a circuit 
from source channel 0 of line 3001-0 has been estab 
lished, being stored in status memory 4303 location 000, 
OR gate 4361-S receives at its eight input terminals the 
logic signals transmitted by AND gate 4351 of logic 
circuit 4350-0 and by similar AND gates in the other 
seven logic circuits 4350-7. If either bit 0 or bit 8 of 
status word 31 is a logic zero indicating that either 
destination channel 0 of link 3002-31 is unavailable or 
that communications module 2000-248 is not available 
to receive data, a NAND gate 4352 transmits a logic 
one signal to the AND gate 4353 of logic circuit 4350-0 
and that AND gate 4353 transmits a logic one signal via 
an eight-input OR gate 4362-B to set flip-flop 4372-B. 
As will be discussed herein, setting flip-flop 4372-B 
results in a destination busy response being transmitted 
in destination channel 0 of link 3002-0 to communica 
tions module 2000-0, OR gate 4362-B receives at its 
eight input terminals the logic signals transmitted by 
AND gate 4353 of logic circuit 4350-0 and by similar 
AND gates in the other seven logic circuits 4350-1 
through 4350-7. 

Since the digital word stored in register 4109 is a 
circuit setup request word rather than a circuit discon 
nect request word, decoder 4311 transmits a logic zero 
signal on a conductor 4312 to an AND gate 4315-DR 
and accordingly AND gate 4315-DR transmits a logic 
zero signal to the AND gate 4355 of logic circuit 4350-0 
and to similar AND gates in the logic circuits 4350-1 
through 4350-7. In response, AND gate 4355 transmits 
a logic Zero signal to an OR gate 4356. A comparator 
4327 compares the status word designations generated 
by loop counter 4329 with the contents of a five-bit ID 
register that defines the one of the 32 port controllers 
4000-0 through 4000-31 in which it is included. In port 
controller 4000-0 presently being described, ID register 
contains the bits 00000. Accordingly, when status word 
31 is present in register 4341 as indicated by loop 
counter 4329 generating the status word designation 
11111, comparator 4327 transmits a logic zero signal to 
an AND gate 4357 in logic circuit 4350-0 and to similar 
AND gates in logic circuits 4350-1 through 4350-7. In 
response, AND gate 4357 transmits a logic Zero signal 
to an OR gate 4359. When bits 0 and 8 in status word 
receive register 4341 are both logic ones and AND gate 
4351 therefore transmits a logic one signal to inverting 
input terminals of AND gates 4354 and 4358, AND 
gates 4354 and 4358 transmit logic zero signals to OR 
gates 4356 and 4359 respectively. Since both OR gates 
4356 and 4359 are also receiving logic zero signals at 
their other input terminals, they both transmit logic 
zero signals for storage in bits 0 and 8 of status word 
transmit register 4342 on the clock signal K1. Accord 
ingly, whenever AND gate 4351 generates a logic one 
indicating that the requested connection is being estab 
lished, bits 0 and 8 of the status word in register 4341 are 
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forced to logic zeroes when stored in register 4342. In 
the case that bits 0 and 8 of status word 31 present in 
register 4341 are not both logic ones, AND gate 4351 
transmits a logic zero signal to the inverting input termi 
nals of AND gates 4354 and 4358 and accordingly the 
bits 0 and 8 of register 4341 are conveyed without modi 
fication via AND gate 4354 and OR gate 4356 and via 
AND gate 4358 and OR gate 4359 for storage in bits 0 
and 8 of register 4342 on the clock signal K1. 
When the digital word received in source channel 0 

of link 3001-0 and stored in register 4109 is a circuit 
disconnect request word defining destination channel 0 
of link 3002-31, decoder 4311 transmits a logic one 
signal on conductor 4312 which is conveyed via OR 
gate 4317 to AND gate 4319, which again results in 
flip-flop. 4321 being set and comparator 4323 being en 
abled. In this case assume that a logic one bit indicating 
that a circuit from source channel 0 of link 3001-0 is 
presently established, is present in status memory 4303 
location 000. When the bit in that location is read and 
stored in flip-flop 4309, flip-flop 4309 transmits a logic 
one signal from its "1" output terminal to AND gate 
4315-DR. AND gate 4315-DR receives at its other 
input terminal the logic one signal transmitted by de 
coder 4311 on conductor 4312. In response, AND gate 
4315-DR transmits a logic one signal to the AND gate 
4355 in logic circuit 4350-0 and to similar AND gates in 
the other logic circuits 4350-1 through 4350-7. In logic 
circuit 4350-0 only, AND gate 4355 transmits a logic 
one signal via an eight-input OR gate 4363-D to set a 
flip-flop 4373-D. Recall that setting flip-flop 4373-D 
results in the circuit disconnect request word present in 
register 4109 being written into memory 4127 location 
000 and a logic zero bit being stored in status memory 
4303 location 000 indicating that the circuit from source 
channel 0 of link 3001-0 has been disconnected. OR gate 
4363-D receives at its eight input terminals the logic 
signals transmitted by AND gate 4355 of logic circuit 
4350-0 and by similar AND gates in logic circuits 
4350-1 through 4350-7. A logic one signal being gener 
ated by any one of the OR gates 4361-S, 4362-B and 
4363-D effects a transmission of a logic one signal by an 
OR gate 4365 to reset flip-flop 4321 and thereby disable 
comparator 4323. 
When AND gate 4355 transmits a logic one signal 

indicating that the requested circuit disconnection is to 
be effected, that logic one signal is conveyed via OR 
gate 4356 for storage in bit 0 of register 4342 on the 
clock signal K1. The logic one in bit 0 indicates that 
destination channel 0 of link 3002-0 is again available. 

Recall that a given communications module, e.g., 
2000-0, notifies port controller 4000-0 that it is again 
available to receive data by transmitting logic one re 
ceiver status bits (bit 0, FIG. 17) in source channel 0 of 
link 3001-0. Bit 0 of each digital word received serially 
on link 3001-0 by serial-parallel register 4101 and stored 
in register 4103 is transmitted to eight AND gates 
4335-0 through 4335-7. The time-slot designations gen 
erated by time-slot counter 4115 are transmitted to a 
1-out-of-8 selector which transmits a logic one signal on 
the one of eight conductors S0 through S7 thus defined. 
When a logic one receiver status bit is received in time 
slot 0 on link 3001-1 and that logic one bit and the logic 
one signal generated by selector 4333 on conductor S0 
are both conveyed to AND gate 4335-0, AND gate 
4335-0 transmits a logic one signal to set a flip-flop 
4337-0. Similarly, when logic one receiver status bits are 
received in time slots 1 through 7 on link 3001-0, flip 
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flops 4337-1 through 4337-7 are set. A given flip-flop, 
e.g., 4337-0, is not reset until eight time slots later when 
selector 4333 transmits a logic one signal on conductor 
S7 to reset flip-flop. 4337-0. Similarly, flip-flop 4337-7 is 
reset when selector 4333 transmits a logic one signal on 
conductor S6. Accordingly, the signals stored by the 
flip-flops 4337-0 through 4337-7 define the availability 
of the communications modules 2000-0 through 2000-7 
as indicated by the most recently received receiver 
status bits. 

Recall that ID registers 4325 defines the one of 32 
port controllers 4000-0 through 4000-31 in which it is 
included. In port controller 4000-0, comparator 4327 
generates a logic one signal only when status word 0 is 
present in status word receive register 4341. The logic 
one signal is transmitted to AND gate 4357 in logic 
circuit 4350-0 and to similar AND gates in logic circuits 
4350-1 through 4350-7. The bit stored in flip-flop 4337-0 
is transmitted via a conductor A0 to AND gate 4357 in 
logic circuit 4350-0. The bits stored in the other flip 
flops 4337-1 through 4337-7 are conveyed by conduc 
tors A1 through A7 to similar AND gates in logic cir 
cuits 4350-1 through 4350-7. Bit 0 of the status word 
present in status word receive register 4341 is also trans 
mitted to AND gate 4357 in logic circuit 4350-0. When 
bit 0 of status word 0 present in register 4341 is a logic 
one indicating that destination channel 0 of link 3002-0 
is available and the bit stored in flip-flop. 4337-0 indi 
cates that communications module 2000-0 is available to 
receive data, AND gate 4357 transmits a logic one sig 
nal via OR gate 4359 for storage in bit 8 of status word 
transmit register 4342 on the clock signal K1. Accord 
ingly status word 0 is modified by storing the logic one 
in bit 8 to indicate that communications module 2000-0 
is available to receive data. 

Recall that for each circuit setup request or circuit 
disconnect request word stored in register 4109, one of 
the flip-flops 4371-S, 4373-D and 4372-B is set in re 
sponse Some time during the next seven time slots. 
Modulo-9 counter 4129 transmits a logic one signal on 
conductor 4131 to AND gates 4375 and 4371 during the 
eighth subsequent time slot. AND gate 4375 receives at 
its other input terminal the clock signal C3. Accord 
ingly on the clock signal C3 of the eighth subsequent 
time slot, AND gate 4375 transmits a logic one signal to 
the three AND gates 4381-S, 4383-D and 4382-B which 
receive at their other input terminals the signals stored 
at the “1” output terminals of flip-flops 4371-S, 4373-D 
and 4372-B. Accordingly, for any one of the flip-flops 
4371-S, 4373-D and 4372-B that has been set, the associ 
ated one of the AND gates 4381-A, 4383-D and 4382-B 
transmits a logic one signal to an encoder 4513 and an 
OR gate 4515 in port output circuit 4500. AND gate 
4371 receives at its other input terminal the clock signal 
C4. On the clock signal C4 of the eighth subsequent 
time slot, AND gate 4371 transmits a logic one signal to 
reset flip-flop 4309 and flip-flops 4371-S, 4373-D and 
4372-B. 
When one of the AND gates 4381-S, 4383-D and 

4382-B transmits a logic one signal to OR gate 4515, OR 
gate 4515 transmits a logic one signal to the WRITE 
terminal of an 8X2 random access memory 4509 and to 
an address selector 4517. The memory 4509 location 
addressed is defined by the time-slot designation stored 
in register 4117. Consistent with the previous example 
where the circuit setup request word or circuit discon 
nect request word stored in register 4109 was received 
in source channel 0 of link 3001-0, the time-slot designa 
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20 
tion 000 is stored in register 4117 and memory 4509 
location 000 is addressed. When AND gate 4381-S 
transmits a logic one signal to encoder 4513, encoder 
4513 transmits the circuit set response bits 01 (FIG. 18) 
for storage in memory 4509 location 000. When AND 
gate 4383-D transmits a logic one signal to encoder 
4513, encoder 4513 transmits the circuit disconnected 
response bits 10 (FIG. 18) for storage in memory 4509 
location 000. And when AND gate 4382-B transmits a 
logic one signal to encoder 4513, encoder 4513 trans 
mits the destination busy response bits 11 (FIG. 18) for 
storage in memory 4509 location 000. Memory 4509 is 
thus written with response bits on the clock signal C3 of 
the eighth time slot after a given circuit setup request or 
circuit disconnect request word is stored in register 
4.09. 

Eighteen-bit digital words are received serially from 
network 5000 output port OP0 by a serial-parallel regis 
ter 4501. When a given digital word received by serial 
parallel register 4501 is a circuit setup request word that 
has been conveyed through network 5000, an encoder 
4503 transmits the bits representing a START RE 
CEIVING DATA command (FIG. 18) to a register 
4505. If the digital word received by register 4501 is a 
circuit disconnect request word, encoder 4503 transmits 
the bits representing a STOP RECEIVING DATA 
command (FIG. 18) to register 4505. Finally, if the 
digital word received by register 4501 is a data word, 
encoder transmits a logic one in bit 2 indicating data 
rather than command together with the 16-bit data field 
to register 4505. The information transmitted by en 
coder 4503 is stored in register 4505 on the clock signal 
C3. A time-slot counter 4511, which is incremented on 
the clock signal C2, repetitively generates the time-slot 
designations 000 through 111 representing the destina 
tion channels on link 3002-0. The contents of register 
4505 are stored in the location of an 8X 17 random 
access memory 4507 defined by time-slot counter 4511 
on the clock signal C4 of each time slot. The contents of 
memory 4509 and memory 4507 locations defined by 
time-slot counter 4511 are read therefron on the clock 
signal C1 of each time slot and stored as bits 0 through 
18 in a parallel-serial register 4519 on the clock signal 
C2. Each 19-bit word thus stored is subsequently seri 
ally transmitted on link 3002-0 to multiplexer/demulti 
plexer 3000-0. 
Network 5000 
Network 5000 comprises eight time-slot interchang 

ers 5100-0 through 5100-7 (FIG. 10). Each time-slot 
interchanger receives information from all 32 network 
5000 input ports IPO through IP31 but transmits infor 
mation to only four of the 32 network 5000 output ports 
OP0 through OP31. Accordingly, a given time-slot 
interchanger, e.g., 5100-0, receives 256 digital words 
during a given frame (eight digital words from each of 
the port controllers 4000-0 through 4000-31) but is re 
quired to transmit only 32 digital words (eight digital 
words to each of the port controllers 4000-0 through 
4000-3). Network 5000 further includes eight, 3-bit ID 
registers 5900-0 through 5900-7 each associated with 
one of the time-slot interchangers 5100-0 through 
5100-7. ID register 5900-0 contains the bits 000 defining 
time-slot interchanger 5100-0 as the time-slot inter 
changer that transmits information to output ports OPO 
through OP3, ID register 5900-1 contains the bits 001 
defining time-slot interchanger 5100-1 as the time-slot 
interchanger that transmits information to output ports 
OP4 through OP7, etc. 
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FIG. 20 is a timing diagram showing various clock 
signals required within network 5000. Since the time 
slot interchangers 5100-0 through 5100-7 included pipe 
lined memory arrangements, a number of clock signals 
are used for frame definition. Clock signals S0, S1, SO" 
and S1' are used to define alternate frames. Clock sig 
mals T0, T1 and T2 define first, second and third frames. 
Digital words are received at a given input port at a rate 
of eight digital words per frame corresponding to the 
eight source channels on each of the links 3001-0 
through 3001-31. However, within a given time-slot 
interchanger, 32 digital word transfers are completed 
each frame. Accordingly, each frane is herein defined 
as being divided into eight link time slots and further 
divided into 32 TSI time slots. Each of the clock signals 
Y0 and Y1 are of a frequency of one pulse per link time 
slot. Each of the clock signals X0, X1 and X2 are of a 
frequency of one pulse per TSI time slot, or equiva 
lently, four pulses per link time slot. The transitions of 
the clock signals S0 and S1' are delayed by one TSI 
time slot from the transitions of the clock signals S0 and 
S1 respectively, for a reason to be described later 
herein. Finally, clock signals FP0 and FP1 are short 
duration pulses which occur on the positive transitions 
of the clock signals S0 and S1 respectively. 

Time-slot Interchanger 5100-0 
A detailed diagram of time-slot interchanger 5100-0 is 

shown in FIGS. 11 through 16, arranged in accordance 
with FIG. 24. The digital words transmitted by port 
controllers 4000-0 through 4000-31 are received by TSI 
input circuit 5200. The digital words transmitted to port 
controllers 4000-0 through 4000-3 are transmitted by 
TSI output circuit 5600. Words are transferred from 
TSI input circuit 5200 via register 5290 to TSI output 
circuit 5600 in accordance with source and destination 
addresses and read and write signals transmitted by TSI 
control circuit 5400. 
TSI input circuit 5200 includes 96, 8X18 random 

access memories 5206-0 through 5206-31, 5216-0 
through 5216-31 and 5226-0 through 5226-31, with only 
the three memories 5206-0,5216-0 and 5226-0 associated 
with input port IPO being shown in FIG. 11. Digital 
words are written into memory 5206-0 during the frame 
defined by the clock signal T0 but are read therefrom 
two frames later during the frame defined by the clock 
signal T2. Digital words are written into memory 
5216-0 during the frame defined by the clock signal T1 
but are read therefrom two frames later during the 
frame defined by the clock signal TO. Digital words are 
written into memory 5226-0 during the frame defined 
by the clock signal T2 but are read therefrom two 
frames later during the frame defined by the clock sig 
nal T1. Eighteen-bit digital words are received serially 
from the input ports IPO through IP31 by 32 serial-par 
allel registers 524.0-0 through 5240-31 and are stored on 
the clock signal Y0 in 32, eighteen-bit registers 5241-0 
through 5241-31. Only serial-parallel registers 5240-0 
and 5240-31 and registers 5241-0 and 5241-31 are shown 
in FIG. 11. Although each of the TSI input circuit 5200 
memories, e.g., 5206-0, has only eight locations, the 
locations have nine-bit addresses. The first bit of the 
address is always a logic one bit. The next five bits 
define the one of the 32 input ports IPO through IP31 
with which that memory is associated. An ID register 
5202-0 contains the six bits 100000 which are the first six 
address bits for the memories 5206-0, 5216-0 and 5226-0 
associated with input port IPO. Thirty-one other ID 
registers 5202-1 through 5202-31 (not shown) contain 
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the first six address bits for the other TSI input circuit 
5200 memories. A time-slot counter 5201, which is in 
cremented on the clock signal Y0, repetitively generates 
the link time-slot designations 000 through 111 repre 
senting the channels 0 through 7 at the input ports IPO 
through IP31. The link time-slot designations generated 
by time-slot counter 5201 are used as the final three 
address bits for writing the TSI input circuit 5200 mem 
ories. Although the locations of the three memories 
associated with a given input port, e.g., memories 
5206-0, 5216-0 and 5226-0, have the same addresses, 
only one of the three memories is written during any 
given frame. For example, during the frame defined by 
the clock signal T0, each 18-bit digital word stored in 
register 5241-0 is written on the clock signal Y1 into the 
memory 5206-0 location defined by ID register 5202-2 
and time-slot counter 5201. Similarly only one of the 
three memories 5206-0,5216-0 and 5226-0 is read during 
each frame at a location defined by the source address 
transmitted from TSI control circuit 5400. The address 
selectors 5205-0,5215-0 and 5225-0 and the AND gates 
5207-0, 5208-0, 5217-0, 5218-0, 5227-0 and 5228-0 are 
used in conjunction with the clock signals T0, T1, and 
T2 as shown in FIG. 11 to achieve the above-described 
pipelined operation of memories 5206-0, 5216-0 and 
5226-0. 
The TSI input circuit 5200 memories comprise a 

triple-buffered memory arrangement. Two-hundred 
fifty-six digital words are stored in TSI input circuit 
5200 during one frame, during the next frame any of 
those digital words that are circuit setup request words 
or circuit disconnect request words are used to appro 
priately change the contents of control memory 5445 as 
will be described and then during a third frame up to 32 
of those digital words are read from TSI input circuit 
5200 and are transmitted via a register 5290 to be writ 
ten in TSI output circuit 5600. 
The contents of the registers 5241-0 through 5241-31 

are also made available to new connection word storage 
arrangement 5410 and disconnection word storage ar 
rangement 5460. Only the portion of new connection 
word storage arrangement 5410 used for storing new 
connection words in response to circuit setup request 
words stored in register 5241-0 from input port IPO is 
explicily shown in FIG. 15. Recall that port controller 
4000-0 transmits at most one circuit setup request word 
in each frame to network 5000 input port IP0. If one of 
the eight digital words stored in register 5241-0 during 
a given frame is a circuit setup request word defining a 
destination channel of one the links 3002-0 through 
3002-3, 15 bits of that circuit setup request word are 
stored as a new connection word in one the two 15-bit 
registers 5401-0 and 5402-0. A selector 54.10-0 associ 
ated with input port IP0 monitors the digital words 
stored in register 5241-0. (Thirty-one selectors 5410-1 
through 54.10-31 substantially identical to selector 
5410-0 are associated with input ports IP1 through IP31 
but are not shown in FIG. 15.) Selector 54.10-0 includes 
a comparator 5406-0 and a decoder 5405-0. Decoder 
5405-0 receives bits 1 and 2 of each digital word stored 
in register 5241-0 which define the digital word as an 
idle word, a data word, a circuit setup request word or 
a circuit disconnect request word. When decoder 
5405-0 determines that the digital word is a circuit setup 
request word, decoder 5404-0 transmits a logic one 
signal to an AND gate 5407-0. Comparator 5406-0 re 
ceives the bits stored in ID register 5900-0 (FIG. 10) 
and compares them with bits 11 through 13 of the digi 
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tal word stored in register 5241-0. Recall that ID regis 
ter 5900-0, being associated with time-slot interchanger 
5100-0, contains the bits 000. When bits 11-13 of a given 
circuit setup request word stored in register 5241-0 are 
the bits 000 indicating that the requested destination link 
is one of the four links 3002-0 through 3002-3 served by 
time-slot interchanger 5100-0, comparator 5406-0 trans 
mits a logic one signal to the other input terminal of 
AND gate 5407-0. In response, AND gate 5407-0 trans 
mits a logic one signal to two AND gates 5411-0 and 
5412-0 associated with registers 5401-0 and 5402-0 re 
spectively. AND gate 5411-0 receives at its other two 
input terminals the clock signals S0' and Y1. AND gate 
54-12-0 receives at its other two input terminals the 
clock signals S1’ and Y1. Accordingly, depending on 
whether the given circuit setup request word is present 
in register 5241-0 during a frame defined by S0' or dur 
ing a frame defined by S1’, 15 bits of that circuit setup 
request word are stored as a new connection word in 
either register 5401-0 or register 5402-0 on the clock 
signal Y1. Up to 32 circuit setup request words present 
in registers 5241-0 through 5241-31 during a frame de 
fined by the clock signal S0' can effect the storage of 
new connection words in the 32 registers 5401-0 
through 5401-31. Similarly up to 32 circuit Setup request 
words present in registers 5241-0 through 5241-31 dur 
ing a frame defined by the clock signal S1 can effect the 
storage of new connection words in the 32 registers 
5402-0 through 5402-31. Only registers 5401-0 and 
5402-0 are shown in FIG. 15. Recall that only circuit 
setup request words defining one of the links 3002-0 
through 3002-3 effect the storage of new connection 
words in the new connection word storage arrangement 
5410 of time-slot interchanger 5100-0. The 15-bit new 
connection words stored in registers 5401-0 and 5402-0 
comprise a six-bit destination address and a nine-bit 
source address. The destination address (bits 0 through 
5) comprise bits 1 and 14 through 18 of the circuit setup 
request word stored in register 5241-0. Bit 1 of each 
circuit setup request word is always a logic one bit and 
bits 14-18 define the one of the 32 possible destination 
channels, i.e., destination channels 0 through 7 of links 
3002-0 through 3002-3 (FIG. 17). The nine-bit source 
address (bits 6 through 14) comprise the contents of ID 
register 5202-0 and the link time-slot designation being 
generated by time-slot counter 5201. The source ad 
dresses stored in registers 5401-0 and 5402-0 will range 
from 100000000 to 10000011. 

Circuit disconnect request words stored in register 
5241-0 that define one of the links 3002-0 through 
3002-3 similarly effect the storage of disconnection 
words in 32 six-bit registers 5451-0 through 5451-31 and 
in 32 six-bit registers 5452-0 through 5452-31. Only the 
registers 5451-0 and 5452-0 are shown in disconnection 
word storage arrangement 5460 in FIG. 13. When de 
coder 5405-0 of selector 5410-0 determines that a given 
digital word stored in register 5241-0 is a circuit discon 
nect request word, decoder 5405-0 transmits a logic one 
signal to an AND gate 5408-0. If the circuit disconnect 
request word defines one of the links 3002-0 through 
3002-3 served by time-slot interchanger 5100-0, com 
parator 5406-0 transmits a logic one signal to the other 
input terminal of AND gate 5408-0. In response, AND 
gate 5408-0 transmits a logic one signal to two AND 
gates 5461-0 and 5462-0 associated with registers 5451-0 
and 5452-0 respectively. AND gate 5461-0 receives at 
its other two input terminals the clock signals S0 and 
Y1. AND gate 5462-0 receives at its other two input 
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terminals the clock signals S1 and Y1. Accordingly, 
depending on whether the given circuit disconnect 
request word is present in register 5241-0 during a frame 
defined by S0 or during a frame defined by S1, six bits 
of that circuit disconnect request word are stored as a 
disconnection word in one of the two registers 5451-0 
or 5452-0 on the clock signal Y1. Up to 32 circuit dis 
connect request words present in the registers 5241-0 
through 5241-31 during a frame defined by the clock 
signal S0 can effect the storage of disconnection words 
in registers 5451-0 through 5451-31. Similarly up to 32 
circuit disconnect request words present in the registers 
5241-0 through 5241-31 during a frame defined by the 
clock signal S1 can effect the storage of disconnection 
words in registers 5452-0 through 5452-31. Recall how 
ever that only circuit disconnect request words defining 
one of the links 3002-0 through 3002-3 served by time 
slot interchanger 5100-0 effect the storage of disconnec 
tion words in disconnection word storage arrangement 
5460 of time-slot interchanger 5100-0. The six-bit dis 
connection words stored in registers 5451-0 and 5452-0 
comprise bits 1 and 14 through 18 of the circuit discon 
nect request words present in register 5241-0. Bit 1 of a 
circuit disconnect request word is always a logic one bit 
and bits 14 through 18 define the one of the 32 possible 
destination channels to be disconnected, i.e., destination 
channels 0 through 7 of links 3002-0 through 3002-3 
(FIG. 17). 
The storage of new connection words and disconnec 

tion words in the registers of new connection word 
storage arrangement 5410 and disconnection word stor 
age arrangement 5460 is not dependent on whether the 
storage of words is controlled by the clock signals S0' 
and S1" as in arrangement 5410 or by the clock signals 
S0 and S1 as in arrangement 5460 since the clock signal 
Y1 occurs after both the S0 and S0' transitions and after 
both the S1 and S1 transitions. The need for the skewed 
clock signals S0' and S1' is described later herein. 
The contents stored in registers 5451-0 through 

5451-31 during a given frame sequentially transmitted 
during the next frame via 32 enable gates 5471-0 
through 5471-31 and a bus 5482 to define the addresses 
of a 32X 1 random access memory 5494 in disconnect 
memory arrangement 5490 to be written with logic one 
bits. (Concurrently, during that next frame, disconnec 
tion word are being stored in the registers 5452-0 
through 5452-31.) Similarly, the contents stored in reg 
isters 5452-0 through 5452-31 during that next frame are 
sequentially transmitted during the following frame via 
32 enable gates 5472-0 through 5472-31 and bus 54.82 to 
define the addresses of a second 32X 1 random access 
memory 5493 in disconnect memory arrangement 5490 
to be written with logic one bits. 
A time-slot counter 5602 included in TSI output cir 

cuit 5600 is incremented on the clock signal X0 and 
repetitively generates the five-bit TSI time-slot designa 
tions 00000 through 11111 representing TSI time slots 0 
through 31. The TSI time-slot designations generated 
by time-slot counter 5602 are transmitted to a 1-out-of 
32 selector 5470 which generates a logic one signal on 
the one of 32 conductors SLO through SL31 thus de 
fined. The logic one signal generated on conductor SLO 
during TSI time slot 0 is transmitted to two AND gates 
5481-0 and 5482-0 associated with enable gates 5471-0 
and 5472-0 respectively. The logic one signals gener 
ated on conductors SL1 through SL31 are similarly 
transmitted to AND gates 5481-1 through 5481-31 and 
to AND gates 5482-1 through 5482-31. AND gate 
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5481-0 receives at its other input terminal the clock 
signal S1. Accordingly, the contents stored in register 
5451-0 during a frame defined by the clock signal S0 are 
transmitted via enable gate 5471-0 on bus 5482 during 
TSI time slot 0 of the following frame defined by the 
clock signal S1. Similarly the contents stored in register 
5452-0 during a frame defined by the clock signal S1 are 
transmitted via enable gate 5472-0 on bus 5482 during 
TSI time slot 0 of the following frame defined by the 
clock signal S0. 
The registers 5451-0 through 5451-31 are cleared by 

the short-duration pulse signal FP0 occurring on the 
positive transition of the clock signal S0 (FIG. 20). The 
registers 5452-0 through 5452-31 are cleared by the 
short-duration pulse signal FP1 occurring on the posi 
tive transition of the clock signal S1. 
The disconnection words transmitted on bus 5482 are 

conveyed via two address selectors 5491 and 5492 to 
the memories 5493 and 5494 of disconnect memory 
arrangement 5490. Although the memories 5493 and 
5494 each have only 32 locations, those locations are 
defined by the six-bit addresses from 100000 to 111111. 
Each of the 32 locations in each of the memories 54.93 
and 5494 is associated with one of the 32 possible desti 
nation channels to be disconnected. The clock signals 
S0, S1 and X1 are transmitted to four AND gates 5483, 
5484, 5485 and 5486 as indicated in FIG. 14 to control 
the reading and writing of memories 5493 and 5494. 
During a frame defined by the clock signal S0, each 
disconnection word (identified as such by having a 
logic one in bit 0) transmitted on bus 5482 effects the 
storage on the clock signal X1 of a logic one bit in the 
memory 5493 location defined by that disconnection 
word. A logic one bit stored in a given memory 5493 
location indicates that the circuit to the destination 
channel associated with that location is to be discon 
nected during the next frame. Similarly, during a frame 
defined by the clock signal S1, each disconnection word 
transmitted on bus 5482 effects the storage on the clock 
signal X1 of a logic one bit in the memory 5494 location 
defined by that disconnection word. The memories 
5493 and 54.94 are destructive read memories such that 
once a logic one bit stored therein has been read and 
stored in register 5495 to effect a disconnection via 
control memory 5445, that logic one bit is replaced by a 
logic zero bit. 
Note that by the operation of the port controllers 

4000-0 through 4000-31 in conjunction with the 32 cy 
cling status words, it is possible, though unlikely, that 32 
circuit disconnect request words defining the 32 possi 
ble destination channels served by time-slot inter 
changer 5100-0 are transmitted to time-slot inter 
changer 5100-0 during one frame and that 32 circuit 
setup request words defining the 32 possible destination 
channels served by time-slot interchanger 5100-0 are 
transmitted to time-slot interchanger 5100-0 during the 
following frame. Accordingly, it is possible that during 
any given frame, e.g., a frame defined by the clock 
signal S0, logic one bits are written into all 32 locations 
of memory 5493 and new connection words are stored 
in all 32 of the registers 5401-0 through 5401-31 of new 
connection word storage arrangement 5410. 
The transmission of new connection words from the 

registers 5401-0 through 5401-31 and 5402-0 through 
5402-31 via bus 5440 and enale gate 5441 for storage in 
input register 5446-0 of control memory 5445 is accom 
plished by means of a daisy-chain arrangement of gates 
only symbolically indicated in FIG. 15. Assume that the 
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frame defined by the clock signal S0' has just occurred 
so that new connection words have been stored in cer 
tain ones of the registers 5401-0 through 5401-31. Dur 
ing the next frame as defined by the clock signal S1’, the 
contents of registers 5401-0 through 5401-31 are made 
available via 32 enable gates 5421-0 through 5421-31 to 
the input terminals of 32 enable gates 5431-0 through 
5431-31. Bit 0 of the digital word in register 5401-0 
defined that word as a new connection word when it is 
a logic one bit. Bit 0 of the word in register 5401-0 is 
transmitted via enable gate 5421-0 to an AND gate 
5428-0. AND gate 5428-0 has a logic zero permanently 
connected to its inverting input terminal. Accordingly, 
if the word present in register 5401-0 is a new connec 
tion word, AND gate 5428-0 transmits a logic one sig 
nal to enable gate 5431-0 and that new connection word 
is made available on bus 5440. The logic one signal is 
transmitted via an OR gate 5427-0 to the inverting input 
terminal of AND gate 5428-1. In response AND gate 
5428-1 transmits a logic zero signal to disable enable 
gate 5431-1 (not shown) to prevent the contents of reg 
ister 5401-1 from being transmitted on bus 5440. The 
logic one signal transmitted by OR gate 5427-0 is also 
transmitted via subsequent OR gates 5427-1 through 
5427-30 to subsequent AND gates 5428-2 through 
5428-31 to prevent the contents of registers 5402-2 
through 5402-31 from being transmitted on bus 5440. 
The new connection word from register 5401-0 remains 
on bus 5440 until select logic circuit 5496 transmits a 
logic one signal to enable gate 5441 and that new con 
nection word is conveyed thereby to input register 
5446-0 of control memory 5445 for storage therein. The 
logic one signal transmitted by select logic circuit 5496 
to enable gate 5441 is also conveyed to an AND gate 
5439. The other input terminal of AND gate 5439 
reeives the clock signal X2. Accordingly, AND gate 
5439 transmits a short duration pulse (as defined by the 
width of the clock signal X2) to input terminals of 32 
AND gates 5413-0 through 5413-31 associated with the 
registers 5401-0 through 5401-31 and to input terminals 
of 32 AND gates 5414-0 through 5414-31 associated 
with registers 5402-0 through 5402-31. AND gate 
5413-0 receives at its other input terminals the clock 
signal S0' and the logic signal generated by AND gate 
5428-0. Accordingly, AND gate 5413-0 transmits a 
logic one signal to clear register 5401-0. Accordingly, 
bit 0 of register 5401-0 which is conveyed via enable 
gate 5421-0 to AND gate 5428-0 becomes a logic zero 
and enable gate 5431-0 is disabled. However, assuming 
that register 5401-1 also contains a new connection 
word, the logic one in bit 0 of register 5401-1 is con 
veyed via enable gate 5421-1 to AND gate 5428-1. OR 
gate 5427-0 now transmits a logic zero signal to the 
inverting input terminal of AND gate 5428-1. In re 
sponse, AND gate 5428-1 transmits a logic one signal to 
enable gate 5431-1 and the new connection word pres 
ent in register 5401-1 is now available on bus 5440. The 
logic one signal transmitted by AND gate 5428-1 is 
conveyed to OR gate 5427-1 and the subsequent OR 
gates 5427-2 through 5427-30 and to subsequent AND 
gates 5428-2 through 5428-31 to prevent the contents of 
registers 5401-2 through 5401-31 from being transmitted 
on bus 5440. The duration of the pulse generated by 
AND gate 5439 is sufficiently short that only the one of 
the registers 5401-0 through 5401-31 from which a new 
connection word was just stored in input register 5446-0 
of control memory 5445 is cleared by that pulse. The 
operation within new connection word storage arrange 
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ment 5410 of transmitting new connections words from 
the registers 5402-0 through 5402-31 to bus 5440 during 
the frames defined by the clock signal S0 is substan 
tially identical to that just described for frames defined 
by the clock signal S1'. 5 
The operation of control memory 5445 and the means 

by which the new connection words stored in new 
connection word storage arrangement 5410 and the 
logic one bits stored in disconnect memory arrangement 
5490 effect changes to the contents of control memory 10 
5445 have been described in the General Description 
section above. The transmission of a source address of a 
given connection word from register 5446-30 via path 
5487 to TSI input circuit 5200 precedes by one TSI time 
slot the transmission of the destination address of the 15 
given connection word from output register 5446-31 via 
path 5488 to TSI output circuit 5600. Therefore, the per 
frame clock signals S0 and S1' within TSI output cir 
cuit 5600 and new connection word storage arrange 
ment 5410 are delayed by one TSI time slot with respect 20 
to the per frame clock signals T0, T1 and T2 within TSI 
input circuit 5200 and the clock signals S0 and S1 within 
disconnection word storage arrangement 5460 and dis 
connect memory arrangement 5490 such that the cor 
rect frame boundaries are maintained therein. If control 25 
memory 5445 contains 32 connection words, i.e., words 
representing active connections in contrast to null 
words representing no connection, 32 of the digital 
words stored in the TSI input circuit 5200 memories 
will be read and stored in register 5290 during a given 30 
frame. 
TSI output circuit 5600 includes a double-buffered 

memory arrangement comprising two, 32X 18 random 
access memories 5606 and 5616. Two address selectors 
5605 and 5615 are associated with memories 5606 and 35 
5616 respectively. The locations of memories 5606 and 
5616 are defined the six-bit addresses from 100000 
through 111111. During a given frame defined by the 
clock signal S0', words stored in register 5290 on the 
clock signal X2 of each TSI time slot are stored in mem- 40 
ory 5616 on the clock signal X1 of the following time 
slot at the locations defined by the destination addresses 
transmitted from output register 5446-31 of control 
memory 5445. During the following frame as defined by 
the clock signal S1’, as words from register 5290 are 45 
being written into memory 5606, the 32 locations of 
memory 5616 are being read in a predetermined se 
quence defined by time-slot counter 5602. The two least 
significant bits (bits 3 and 4) generated by time-slot 
counter 5602 are transmitted to a 1-out-of-4 selector 50 
5620 which in response thereto transmits a logic one 
signal on the one of four conductors L0 through L3 
thus defined to one of four AND gates 5631,5641, 5651 
and 5661. The other input terminal of each of the AND 
gates 5631, 5641, 5651 and 5661 is connected to the 55 
clock signal X2. Memory 5616 has the associated AND 
gates 5617 and 5618 and memory 5606 has the associ 
ated AND gates 5607 and 5608 to control the reading 
and writing of those memories. During the frame de 
fined by the clock signal S1’, the locations of memory 60 
5616 are read on the clock signal X1 and stored in one 
of four parallel-serial registers 5632, 5642, 5652 and 
5662 on the clock signal X2 in the following sequence. 
The word read from memory 5616 location 100000 is 
stored in register 5632, the word read from memory 65 
5616 location 100001 is stored in register 5642, the word 
read from memory 5616 location 100010 is stored in 
register 5652, the word read from memory 5616 loca 
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tion 100011 is stored in register 5662 and the word read 
from memory 5616 location 100100 is stored in register 
5632 etc. This order is achieved be transposing the 
order of the bits of the TSI time-slot designations trans 
mitted by time-slot counter 5602 that are presented to 
address selector 5615. The digital words stored in the 
parallel-serial registers 5632, 5642, 5652 and 5662 are 
then transmitted serially to the network 5000 output 
ports OPO through OP3 at the rate of eight digital 
words per frame. 

It is to be understood that the above-described em 
bodiment is merely illustrative of the principles of the 
invention and that other arrangements may be devised 
by those skilled in the art without departing from the 
spirit and scope of the invention. For example, although 
the exemplary fast circuit switching system is described 
herein in the context of data communication applica 
tions, the system is also applicable to digitally encoded 
voice. In addition, although the sequential access, circu 
lating control memory 5445 is implemented in this ex 
ample as a plurality of series-connected registers with 
an output register connected back to an input register, 
such control memory can also be implemented using a 
first-in-first-out memory with its output connected back 
to its input or using two first-in-first-out memories hav 
ing the output of each memory connected to the input 
of the other memory. 
What is claimed is: 
1. An arrangement comprising 
a plurality of input storage locations for storing digi 

tal words, 
a plurality of output storage locations for storing 

digital words. 
control memory input path means for sequentially 

receiving connection words each defining one of 
said input storage locations and one of Said output 
storage locations, 

control memory means for storing, for at most a pre 
determined duration, each of said connection 
words received by said control memory input path 
IneanS, 

transfer means coupled to said control memory 
means and responsive to said connection words 
stored by said control memory means, for transfer 
ring digital words stored in ones of Said input stor 
age locations, to ones of Said output storage loca 
tions as defined by those connection words and 

first enable gate means also coupled to said control 
memory means, for selectively transmitting ones of said 
connection words stored by said control memory 
means, to said control memory input path means for 
storage again by said control memory means. 

2. An arrangement in accordance with claim 1 further 
comprising 
new connection word storage means for storing new 

connection words each defining one of said input 
storage locations and one of Said output storage 
locations and 

second enable gate means coupled to said new con 
nection word storage means, for transmitting said 
new connection words stored by said new connec 
tion word storage means, to said control memory 
input path means for storage by said control men 
ory means. 

3. An arrangement in accordance with claim 2 further 
comprising 
means for controlling said second enable gate means 

such that said new connection words stored by said 
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new connection word storage means, are transmit 
ted to said control memory input path means dur 
ing times when no connection words stored by said 
control memory means, are being transmitted by 
said first enable gate means. 

4. An arrangement in accordance with claim 3 further 
comprising 
a plurality of disconnect memory locations each asso 

ciated with one of said output storage locations, for 
storing disconnect signals and 

inhibit means coupled to said disconnect memory 
locations, for inhibiting the transmission by said 
first enable gate means of a given one of said con 
nection words stored by said control memory 
means, when one of said disconnect signals is 
stored in the one of said disconnect memory loca 
tions associated with the one of said output storage 
locations defined by that given connection word. 

5. An arrangement in accordance with claim 4 
wherein said control memory means comprises 

input register means, 
output register means and 
a plurality of intermediate register means connected 

in series between said input register means and said 
output register means, 

wherein said input register means is connected to 
receive connection words from said control mem 
ory input path means and to transmit connection 
words to a first one of said intermediate register 
means, 

wherein said output register means is connected to 
receive connection words from a last one of said 
intermediate register means and to transmit con 
nection words to said first enable gate means and 

wherein said arrangement further comprises means 
for shifting each connection word received by said 
control memory input path means through said 
input register means, said plurality of intermediate 
register means and said output register means. 

6. An arrangement in accordance with claim 5 
wherein said transfer means comprises 
means coupled to said last intermediate register 
means for reading digital words from ones of said 
input storage locations defined by the connection 
words shifted to said last intermediate register 
means and 

means coupled to said output register means for writ 
ing digital words read from said input storage loca 
tions, into ones of said output storage locations 
defined by the connection words shifted to said 
output register means. 

7. An arrangement in accordance with claim 5 further 
comprising 

disconnect memory reading means connected to said 
last intermediate register means for reading the 
ones of said disconnect memory locations defined 
by the connection words shifted to said last inter 
mediate register means and 

disconnect register means for temporarily storing 
disconnect signals read from ones of said discon 
nect memory locations by said disconnect memory 
reading means and 

wherein said inhibit means inhibits the transmission 
by said first enable gate means of the connection 
words shifted to said output register means, when 
ever one of said disconnect signals read by said 
disconnect memory reading means is present in 
said disconnect register means. 
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8. An arrangerfient in accordance with claim 4 further 

comprising 
disconnection word storage means for storing discon 

nection words each defining one of said output 
storage locations, 

bus means for transmitting said disconnection words 
stored in said disconnection word storage means 
and 

means responsive to each of said disconnection words 
transmitted by said bus means, for storing a discon 
nect signal in one of said disconnect memory loca 
tions that is associated with the one of said output 
storage locations defined by that disconnection 
word. 

9. An arrangement in accordance with claim 4 further 
comprising 

third enable gate means for transmitting null words to 
said control memory input path means for storage 
by said control memory means and 

means for controlling said third enable gate means 
such that ones of said null words are transmitted to 
Said control memory input path means during times 
when no connection words stored by said control 
memory means are being transmitted by said first 
enable gate means and no new connection words 
stored by said new connection word storage means 
are being transmitted by said second enable gate 
eaS. 

10. An arrangement in accordance with claim 1 fur 
ther comprising 

a plurality of disconnect memory locations each asso 
ciated with one of said output storage locations, for 
storing disconnect signals and 

inhibit means coupled to said disconnect memory 
locations, for inhibiting the transmission by said 
first enable gate means of a given one of said con 
nection words stored by said control memory 
means, when one of said disconnect signals is 
stored in the one of said disconnect memory loca 
tions associated with the one of said output storage 
locations defined by that given connection word. 

11. An arrangement in accordance with claim 10 
further comprising 

disconnection word storage means for storing discon 
nection words each defining one of said output 
storage locations, 

bus means for transmitting said disconnection words 
stored in said disconnection word storage locations 
and 

means responsive to each of said disconnection words 
transmitted by said bus means, for storing a discon 
nect signal in one of said disconnect memory loca 
tions that is associated with the one of said output 
storage locations defined by that disconnection 
word. 

12. An arrangement in accordance with claim 1 
wherein said control memory means comprises 

input register means, 
output register means and 
a plurality of intermediate register means connected 

in series between said input register means and said 
output register means, 

wherein said input register means is connected to 
receive connection words from said control mem 
ory input path means and to transmit connection 
words to a first one of said intermediate register 
neans, 
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wherein said output register means is connected to 
receive connection words from a last one of Said 
intermediate register means and to transmit con 
nection words to said first enable gate means and 

wherein said arrangement further comprises means 5 
for shifting each connection word received by said 
control memory input path means through said 
input register means, said plurality of intermediate 
register means and said output register means. 

13. An arrangement in accordance with claim 12 
wherein said transfer means comprises 
means coupled to said last intermediate register 
means for reading digital words from ones of said 
input storage locations defined by the connection 
words shifted to said last intermediate register 
means and 

means coupled to said output register means for writ 
ing digital words read from said input storage loca 
tions, into ones of said output storage locations 
defined by the connection words shifted to said 
output register means. 

14. A time-slot interchanger comprising 
at least one incomining time-multiplexed line for re 

ceiving digital words in frames of a substantially 
fixed duration, 

at least one outgoing time-multiplexed line for trans 
mitting digital words, 

a plurality of input storage locations for storing the 
digital words received on said at least one incom- 30 
ing time-multiplexed line during at least three con 
secutive ones of said frames, 

a plurality of output storage locations for storing 
digital words to be transmitted on said at least one 
outgoing time-multiplexed line, 

control memory input path means for sequentially 
receiving, during the second of said three consecu 
tive frames, connection words defining ones of said 
input storage locations and ones of said output 
storage locations, 

control memory means for storing, for at most said 
substantially fixed duration, each of said connec 
tion words received by said control memory input 
path means, 

transfer means coupled to said control memory 
means and responsive to said connection words 
stored by said control memory means, for transfer 
ring, during the third or said three consecutive 
frames, digital words received on said at least one 
incoming time-multiplexed line and stored in ones 50 
of said input storage locations during the first of 
said three consecutive frames, to ones of said out 
put storage locations as defined by those connec 
tion words, 

means for transmitting digital words stored in said 
output storage locations, on said at least one outgo 
ing time-multiplexed line and 

first enable gate means also coupled to said control 
memory means, for selectively transmitting ones of 
said connection words, received by said control 60 
memory input path means during the second of said 
three consecutive frames and stored by said control 
memory means, to said control memory input path 
means during the third of said three consecutive 
frames for storage again by said control memory 65 
C2S 

15. A time-slot interchanger in accordance with claim 
14 further comprising s 

10 

15 

20 

25 

35 

40 

45 

55 

32 
new connection word storage means responsive to 

the digital words, received on said at least one 
incoming time-multiplexed line during the first of 
said three consecutive frames, that are circuit setup 
request words defining ones of said output storage 
locations, for storing new connection words each 
defining one of said input storage locations and one 
of said output storage locations and 

second enable gate means coupled to said new con 
nection word storage means, for transmitting, dur 
ing the second of said three consecutive frames, 
said new connection words stored by said new 
connection word means, to said control memory 
input path means for storage by said control mem 
ory means. 

16. A time-slot interchanger in accordance with claim 
15 further comprising 
means for controlling said second enable gate means 
such that said new connection words Stored by said 
new connection word storage means, are transmit 
ted to said control memory input path means dur 
ing times when no connection words stored by said 
control memory means, are being transmitted by 
said first enable gate means. 

17. A time-slot interchanger in accordance with claim 
16 further comprising 

a plurality of disconnect memory locations each asso 
ciated with one of said output storage locations, for 
storing disconnect signals and 

inhibit means coupled to said disconnect memory 
locations, for inhibiting the transmission, during 
the third of said three consecutive frames, by said 
first enable gate means of a given one of said con 
nection words stored by said control memory 
means, when one of said disconnect signals is 
stored in the one of said disconnect memory loca 
tions associated with the one of said output storage 
locations defined by that given connection word. 

18. A time-slot interchanger in accordance with claim 
17 further comprising 

disconnection word storage means responsive to the 
digital words, received on said at least one incom 
ing time-multiplexed line during the first of said 
three consecutive frames, that are circuit discon 
nect request words defining ones of said output 
storage locations, for storing disconnection words 
each defining one of said output storage locations, 

bus means for transmitting, during the second of said 
three consecutive frames, said disconnection words 
stored in said disconnection word storage means 
and 

means responsive to each of said disconnection words 
transmitted by said bus means, for storing a discon 
nect signal in one of said disconnect memory loca 
tions that is associated with the one of said output 
storage locations defined by that disconnection 
word. 

19. A time-slot interchanger comprising 
a plurality of incoming time-multiplexed lines for 

receiving digital words in incoming frames of a 
substantially fixed duration, 

a plurality of outgoing time-multiplexed lines for 
transmitting digital words in outgoing frames of 
said substantially fixed duration, 

a plurality of input storage locations for storing the 
digital words received on said incoming time-mul 
tiplexed lines during at least three consecutive ones 
of said incoming frames, 
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a plurality of output storage locations for storing 
digital words to be transmitted on said outgoing 
time-multiplexed lines during at least two consecu 
tive ones of said outgoing frames, 

control memory input path means for sequentially 
receiving, during the second of said three consecu 
tive incoming frames, connection words defining 
ones of said input storage locations and ones of said 
output storage locations, 

control memory means for storing, for at most said 
substantially fixed duration, each of said connec 
tion words received by said control memory input 
path means, 

transfer means coupled to said control memory 
means and responsive to said connection words 
stored by said control memory means, for transfer 
ring, during the third of said three consecutive 
incoming frames, digital words received on said 
incoming time-multiplexed lines and stored in ones 
of said input storage locations during the first of 
said three consecutive incoming frames, to ones of 
said output storage locations as defined by those 
connection words, to be transmitted on said outgo 
ing time-multiplexed lines during the second of said 
two consecutive outgoing frames and 

first enable gate means also coupled to said control 
memory means, for selectively transmitting ones of 
said connection words, received by said control 
memory input path means during the second of said 
three consecutive incoming frames and stored by 
said control memory means, to said control mem 
ory input path means during the third of said three 
consecutive incoming frames for storage again by 
said control memory means. 

20. A time-slot interchanger in accordance with claim 
19 further comprising 
new connection word storage means responsive to 

the digital words, received on said incoming time 
multiplexed lines during the first of said three con 
secutive incoming frames, that are circuit setup 
request words defining ones of said output storage 
locations, for storing new connection words each 
defining one of said input storage locations and one 
of said output storage locations and 

second enable gate means coupled to said new con 
nection word storage means, for transmitting, dur 
ing the second of said three consecutive incoming 
frames, said new connection words stored by said 
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new connection word means, to said control mem 
ory input path means for storage by said control 
memory means. 

21. A time-slot interchanger in accordance with claim 
5 20 further comprising 
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means for controlling said second enable gate means 
such that said new connection words stored by said 
new connection word storage means, are transmit 
ted to said control memory input path means dur 
ing times when no connection words stored by said 
control memory means, are being transmitted by 
said first enable gate means. 

22. A time-slot interchanger in accordance with claim 
21 further comprising 

a plurality of disconnect memory locations each asso 
ciated with one of said output storage locations, for 
storing disconnect signals and 

inhibit means coupled to said disconnect memory 
locations, for inhibiting the transmission, during 
the third of said three consecutive incoming 
frames, by said first enable gate means of a given 
one of said connection words stored by said control 
memory means, when one of said disconnect sig 
nais is stored in the one of said disconnect memory 
locations associated with the one of said output 
storage locations defined by that given connection 
word. 

23. A time-slot interchanger in accordance with claim 
22 further comprising 

disconnection word storage means responsive to the 
digital words, received on said incoming time-mul 
tiplexed lines during the first of said three consecu 
tive incoming frames, that are circuit disconnect 
request words defining ones of said output storage 
locations, for storing disconnection words each 
defining one of said output storage locations, 

bus means for transmitting, during the second of said 
three consecutive incoming frames, said disconnec 
tion words stored in said disconnection word stor 
age means and 

means responsive to each of said disconnection words 
transmitted by said bus means, for storing a discon 
nect signal in one of said disconnect memory loca 
tions that is associated with the one of said output 
storage locations defined by that disconnection 
word. 
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